Previously we have shown that phagocytosed Paracoccidioides brasiliensis yeast cells multiply inside nonactivated macrophages, whereas inside activated macrophages multiplication is restricted and yeast cells are killed (2) . By use of transmission electron microscopy (TEM), we have extended the analysis of the interaction between macrophages and P. brasiliensis in this system. We sought to identify ultrastructural changes, e.g., damage, which occurred over time in nonactivated macrophages that were supporting intracellular multiplication of P. brasiliensis. For comparison, we analyzed ultrastructural changes of ingested P. brasiliensis cells at selected times while they were being killed by activated macrophages. This necessitated the development of methods for embedding monolayers in tissue culture chambers, removing monolayers from the glass with the embedding plastic, cutting the block with the monolayer on the bottom to fit a holder, and sectioning at an angle.
Yeast cells multiplying in phagosomes of macrophages at 24 h did not appear to cause abnormal changes in host cell ultrastructure that could be detected by TEM. Activated macrophages altered structures inside ingested P. brasilienesis cells after 4 h of interaction, with loss of mitochondrial integrity being the first detectable damage in ingested yeast cells. These first serial observations of activated macrophage damage to ingested P. brasiliensis cells provide clues for determining possible antifungal mechanisms of activated macrophages which are not dependent on products of the oxidative burst (3). with L-glutamine, Eagle minimum essential medium, heatinactivated fetal bovine serum, and a penicillin (10,000 U/ml)-streptomycin (10, 000 ,ug/ml) mixture were obtained from GIBCO Laboratories, Grand Island, N.Y. Complete tissue culture medium (CTCM) consisted of 89 ml of RPMI 1640, 10 ml of fetal bovine serum, and 1 ml of penicillinstreptomycin. Concanavalin A (ConA) and a-methyl-D-mannoside (grade III) were purchased from Sigma Chemical Co., St. Louis, Mo. Fungi. P. brasiliensis isolate Gar was from a Colombian patient with paracoccidioidomycosis. Yeast-form cultures were maintained on brain heart infusion agar slants at 35°C and transferred to brain heart infusion agar slants monthly. For inoculum preparation, P. brasiliensis was grown in modified McVeigh-Morton broth (14) , 3 
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Interaction of nonactivated macrophages and P. brasiliensis. Yeast-form cells of P. brasiliensis were readily phagocytosed by nonactivated resident peritoneal macrophages (2) . When phagocytosed yeast cells were examined by TEM, they were found to reside in well-defined phagosomes of macrophages (Fig. 1) . Phagosome membranes in some parts of the phagosomes (Fig. 1) appear to have microvillous processes; however, this could result from the limited view afforded by thin sections. Characteristic macrophage structures, i.e., indented nucleus, ruffled plasma membrane, and intensely stained lysosomelike structures are easily identified (11) . One type of budding, i.e., linear, by which P. brasiliensis can multiply is illustrated in Fig. 1 .
P. brasiliensis cells inside nonactivated macrophages were found to have typical morphology, as described in other TEM studies, either in biopsied tissue (7) or from in vitro cultures (8) . A bilayer cell wall is apparent in two yeast cells shown in Fig. 1 : a thin outer granular-bushy dark-staining layer and a thicker smooth lightly staining inner layer. A third cell with two buds exhibits a trilayered wall. This type of wall resembles to some extent a trilayered wall described previously by others (8, 15) . The inner smooth layer stained moderately darkly, the middle smooth layer stained lightly, and the outer granular-bushy layer stained heavily (Fig. 1) . In contrast, in a previous study of the cell wall of P. brasiliensis, in the absence of interaction with mammalian cells, this outer layer was associated exclusively with bud formation (4).
An enlargement of this type of cell (i.e., with a trilayered wall) is shown in Fig. 2 . The innermost layer of the wall is very prominent and is evident even in the small viable bud. In the apparently dead disintegrating adjacent bud, the innermost wall layer is absent. The significance of the innermost wall layer, re'ative to either growth stage or isolate variation, is not known at this time.
INFECT. IMMUN. Cytoplasmic organelles of P. brasiliensis, such as several mitochondria, small dark-staining ribosomes, and round light-colored storage-type vacuoles, are visible in Fig. 2 . When harvested from macrophage cocultures, such yeast cells were viable as determined by the presence of CFU (2) .
The number of CFU of P. brasiliensis increased over time in coculture with macrophages (2) . When yeast cells were studied by TEM 24 h after ingestion by nonactivated macrophages, budding cells were readily apparent inside macrophages (Fig. 3) . These cells exhibited cellular structures similar to those seen in P. brasiliensis cells 4 h after ingestion by nonactivated macrophages; however, several large storagelike vacuoles are visible in three of the four cells shown in Fig. 3 . Although intensely staining lysosomelike structures are abundant in microphages at this time, all of the structures apparent in Fig. 3 were excluded from the phagosomes except for three which could be interpreted as being inside phagosomes.
Interaction of activated macrophages and P. brasiiensis. One of the objectives of this study was to detect by TEM changes in P. brasiliensis ultrastructures after the fungi had been ingested and killed by activated macrophages. Within 4 h of coculture with activated macrophages, P. brasiliensis CFU were reduced by 64% (2) . When ingested yeast cells were studied by TEM at that time, death appeared to be associated with disruption of cytoplasmic structures and internal disintegration. This is illustrated by the large round yeast cell shown in Fig. 4 . The cell wall, especially the smooth lightly staining layer, remains intact, suggesting that the wall is not the susceptible point of attack by activated macrophages. In contrast, the protoplasm has been severely damaged and is pulled back from the cell wall at one point. Although the plasma membrane appears to remain intact at this point, the internal architecture of the cell is in disarray. This is evident when one compares the undamaged internal structures of yeast cells in Fig. 1 and 2 , e.g., mitochondria, vacuoles, and compact cytoplasm, with the absence of such structures and architecture in the round yeast cell shown in Fig. 4 .
In the other large yeast cell ingested by this macrophage Fig. 6 shows the intact layered cell wall (CW) and disintegrating cytoplasm (CP). (Fig. 4) , there are three clear vacuoles (large, medium, and small) and several abnormal mitochondria, i.e., ones that are half empty and degenerated. These changes could be interpreted as lethal ones and represent an early stage of cellular disintegration in a killed cell. The small yeast cell inside a tight phagosome also exhibits clear vacuoles, e.g., a large lobed one and several small ones; however, other internal structures appear to be normal.
Partially empty and degenerated mitochondria are well illustrated in a yeast cell with a trilayered wall 4 h after ingestion by an activated macrophage (Fig. 5 ).
Yeast cells ingested by an activated macrophage and observed for a subsequent 24 h of coculture show various stages of degradation ranging from cells with partially digested cytoplasm to a cell with only the cell wall remaining (Fig. 6 ). An enlargement of the round yeast cell in Fig. 6 is shown in Fig. 7 . At this stage of interaction, the bilayered cell wall remains intact, but the plasma membrane has been ;ili disrupted and the cytoplasm is undergoing digestion. The reduction of inoculum CFU at this time by activated macrophages was 98% (2). DISCUSSION We report here for the first time the serial events as seen by TEM that take place during the interaction of the thermally dimorphic fungal pathogen P. brasiliensis and activated murine peritoneal macrophages. The earliest ultrastructural changes in yeast cells that were being killed by activated macrophages occurred in the mitochondria. These changes were demonstrated by the loss of mitochondrial compactness, resulting in a loose and partially clear internal structure (e.g., Fig. 2 versus Fig. 5 ). These observations provide important clues toward determining a possible point of attack and structural injury caused by the fungicidal mechanism of activated macrophages. This early 4-h event is followed by more internal cytoplasm disintegration, plasma membrane breakdown, cytoplasm digestion, and empty yeast cells, with only the cell wall remaining at 24 h.
TEM studies of normal macrophage killing of a nonpathogenic yeast, Saccharomyces cerevisiae, have been made; however, these studies concentrated on phagosomelysosome fusion and not sequential killing events (5, 6) . A pathogenic yeast, Candida albicans, was used in another TEM study, but this yeast is not killed by normal murine peritoneal macrophages (10) . Consequently, it is not possible to compare our findings, relative to the killing of pathogenic yeasts by activated macrophages, with previous reports.
The difference between nonactivated and activated macrophages in their fungicidal activity against another thermally dimorphic fungal pathogen, Coccidioides immitis, was the enhanced phagosome-lysosome fusion that occurred in activated macrophages (1) . Although our experiments were not designed to test whether a similar mechanism was operative in our system, results from serial TEM studies were not inconsistent with such a hypothesis. For example, a noticeable difference between nonactivated and activated macrophages that had ingested P. brasiliensis cells, especially after 24 h of coculture, was the relative abundance in nonactivated macrophages of intensely staining lysosomelike structures. These structures were similar in size and number to those described by D'Arcy Hart and Young (5, 6) , who labeled lysosomes with ferritin. However, additional studies are needed in which the ferritin-labeled lysosome method is used in order to determine whether enhanced phagosome-lysosome fusion takes place in activated macrophages that have ingested P. brasiliensis cells.
